Background: Platelet-rich plasma (PRP) has emerged as a popular biologic treatment for musculoskeletal injuries and conditions. Despite numerous investigations on the efficacy of PRP therapy, current utilization of this treatment within the United States is not widely known.
clinical translation for some of the aforementioned conditions. 6, 14, 24, 29, 35, 41, 43 Ultimately, contrasting clinical results may be due to the heterogeneity of PRP formulations being utilized in these studies, further highlighting the need for a more sophisticated understanding of preparation procedures and PRP composition.
Despite a paucity of large-scale clinical evidence to support the use of PRP therapy, there has been widespread application among the orthopaedic community due to enthusiasm about its potential. However, given the current concerns about escalating health care costs, it is important to be mindful of available resources and the efficacy of clinical treatments. Samuelson et al 34 recently performed a cost-utility analysis of PRP used in the setting of rotator cuff repair and found PRP augmentation was not a costeffective treatment to improve retear rates. Given these considerations, the purpose of this study was to determine the current utilization of PRP therapy in the United States. We sought to investigate specific trends related to PRP use, including patient demographics, practice setting, musculoskeletal conditions, and tissue types treated, as well as charges associated with the procedure.
METHODS
We performed a retrospective review of a national privatepayer medical record database (PearlDiver; PearlDiver Technologies Inc) over a 2-year period (2010) (2011) . This database is a public Health Insurance Portability and Accountability Act (HIPAA)-compliant collection of more than 6 million patient records from a single insurance payer (UnitedHealthcare). Patient records can be retrieved and analyzed by Current Procedural Terminology (CPT) and International Classification of Diseases, 9th Revision (ICD-9) codes related to specific musculoskeletal conditions.
The CPT code associated with PRP injections (CPT-0232T) was used to identify patients who received PRP therapy over the study period. Patient counts and charges for the PRP injections were compared by sex, age, geographic region, clinical setting in which the procedure was performed, and yearly quarters. Because the CPT code for PRP injections was not introduced until mid-2010, we investigated the number of PRP injections performed from 2010 to 2011 on a quarterly basis (designated Q1, Q2, Q3, and Q4) to determine a trend in utilization.
After identification of patients who received PRP injection, we conducted a comprehensive search for associated ICD-9 and CPT codes that were coded on the same day as the PRP injection to determine the primary condition being treated. The ICD-9 codes were categorized as follows: rotator cuff, biceps, glenoid labrum, shoulder cartilage, epicondylitis, knee cartilage, knee ligament, knee meniscus/plica, knee tendonitis, knee synovium, hip, plantar fasciitis, foot/ ankle tendon, foot/ankle ligament, foot deformities, unspecified shoulder, unspecified knee, unspecified foot/ankle, and generally unspecified. The patient counts and charges associated with these codes were recorded. The codes were also categorized and analyzed by the primary type of tissue affected: cartilage, meniscus, tendon, ligament, glenoid labrum, and unspecified. Charges were presented as perpatient average charges (PPACs), which were calculated by dividing the total charges of a procedure by the number of patients receiving that procedure.
The overall utilization of PRP injections was compared between years using overall incidence rates (eg, number of patients receiving PRP injection compared with the total number of orthopaedic patients in the database). Descriptive statistics were used to report data as appropriate. Comparative analyses over time were performed using repeated-measures analysis of variance (ANOVA) with Tukey-adjusted pairwise comparisons. Analyses were 2-tailed, and statistical significance was defined as P < .05.
RESULTS
A total of 2571 patients received PRP injections from 2010 through 2011, with a total PPAC of US$1755. We noted an equal distribution among patients with regard to sex, as 49% were female and 51% were male. The age distribution of patients who underwent PRP therapy was quite wide, with patient age ranging from 10 to 64 years. Older patients received PRP therapy with greater frequency, as we noted 75% of patients who received injections over the study period were older than 35 years ( Figure 1) .
The number of patients who received PRP injections was analyzed across yearly quarters from mid-2010 through 2011. The incidence of PRP injections ranged from 5.9 to 7.9 per 1000 patients over the study period ( Figure 2 ). While this appeared to trend up over the study period, there was no statistically significant change over time in the rate of utilization (P > .05, repeated-measures ANOVA).
In terms of clinical setting, 39% of patients received PRP injections in hospitals, while 37% received injections in ambulatory surgical centers. PRP injections were performed in the office for 26% of patients, and the remaining 1% of patients lacked data on clinical setting. Geographic distribution showed that only 14% of patients were located in the Northeast, while the majority of patients (47%) were in the South. Patients in the Western region represented 21% of the total number of patients receiving PRP injections, while patients in the Midwest represented 18%. Table 1 provides an overview of patient distribution according to the aforementioned factors.
PRP therapy was used for a wide variety of orthopaedic diagnoses. Injections were most commonly performed for patients with conditions involving the knee meniscus or plica, as these patients represented 16% of all PRP injections performed over the 2-year study period. The additional conditions for which PRP injections were most commonly performed were: ''unspecified'' shoulder pathology (representing 14% of all same-day ICD-9 codes in patients receiving PRP injections), rotator cuff pathology (13%), and epicondylitis (12%). Figure 3 displays the full range of conditions that were evaluated and the number of patients who received PRP injections for each condition. With respect to affected tissue type (eg, cartilage, meniscus, ligament, tendon, glenoid labrum, and unspecified), 25% received injections for cartilage-related conditions, 25% for meniscus-related conditions, and 25% did not specify the type of tissue affected. The remaining 25% consisted of tendon, labrum, or ligament disorders. Figure 4 demonstrates a detailed analysis of PRP utilization according to tissue type.
DISCUSSION
There are numerous basic science and animal studies that support the notion that PRP has a favorable effect on the healing process of various musculoskeletal tissue types. 8, 15, 21, 23, 36, 47 Given these positive results, it is easy to understand the widespread enthusiasm for PRP among the orthopaedic community and the attempts to achieve successful clinical translation. Yet despite its exciting potential, there is currently no consensus regarding therapeutic guidelines for the utilization of PRP. This study sought to examine specific trends in utilization as well as the direct charges associated with this treatment.
To summarize the findings of this study, the PPAC for PRP injections was US$1755. We were surprised to find that the majority of PRP injections were most commonly performed in either hospitals or ambulatory surgical centers relative to the office setting. The majority of patients (75%) who received PRP injections were older than 35 years; however, we observed a wide range of ages (10-64 years) that even included pediatric patients. The 4 conditions for which PRP injections were most frequently performed were: knee meniscus/plica conditions, unspecified shoulder disorders, rotator cuff pathology, and epicondylitis. Notably, we were surprised to find that despite level 1 The Orthopaedic Journal of Sports Medicine Nationwide Utilization of PRP 3 and 2 evidence supporting the use of PRP injections for epicondylitis, this condition was only the fourth most common condition for which PRP injections were used. 14, 26, 27, 31, 41 Finally, patients more commonly received PRP injections for conditions involving the meniscus or cartilage compared with disorders of the tendon, labrum, or ligament. These observations parallel a growing body of research that has investigated the utility of PRP injections for knee osteoarthritis. In several level 1 evidence studies, PRP injections for knee osteoarthritis led to fewer symptoms and improved validated outcome scores when compared with hyaluronic acid or placebo. 6, 29, 35, 43 Over the past few years, multiple other studies have been published demonstrating clinical improvement for up to 1 year in patients who receive PRP injection for knee osteoarthritis. [10] [11] [12] [13] 17, 18, 32, 33, 39 However, the long-term sustained benefits remain unclear, and significant variations in PRP formulations and frequency of administration continue to obscure conclusions in even high-quality studies. 19, 20, 24 While there have been several studies evaluating the efficacy of PRP injections for a variety of orthopaedic conditions, to our knowledge there have not been any studies investigating the nationwide distribution of PRP utilization and the direct costs associated with these injections for musculoskeletal conditions. In 2015, Vavken et al 44 assessed the cost-effectiveness of PRP injections for rotator cuff tears and concluded that PRP injections were not cost-effective for small-and medium-sized tears; however, the study relied on a sensitivity analysis that ranged from US$450 to $2500 per PRP injection due to lack of available cost data. More recently in 2016, Samuelson et al 34 conducted a cost-effectiveness analysis with Markov modeling on PRP injections for rotator cuff tears. This study also concluded that augmenting rotator cuff repairs with PRP was not cost-effective. The proposed model assumed that a single PRP injection cost US$750, based on reported ranges of $500 to $1500 per PRP injection in 2014. In contrast with Vavken et al, 44 this study included perioperative costs and facility fees based on local data collected from private orthopaedic practices and ambulatory surgical centers in 2014 within their analysis. While not extensively discussed in published literature, the total cost of a procedure has been shown to increase dramatically depending on the clinical setting due to the addition of significant facility fees. 4, 42 As a result, injections performed in a hospital outpatient department or operating room may result in higher costs due to these additional fees when compared with the private office setting. This observation may account for the significant charges associated with PRP in our study. Overall, the current study provides valuable patient-level cost data based on a national database, which will allow for greater precision in future cost-effectiveness and cost-utility research.
Application of the PearlDiver database in this study, as with any epidemiologic data, comes with some inherent limitations. First, the quality of available data for our analysis depends on the quality of the input information. The majority of patients in the database are located in the South, which may bias the results. In addition, patients older than 64 years are not included in the database due to Medicare coverage, so the results of the current study are only applicable to the non-Medicare population. Further study in similar Medicare databases might clarify any differences between these 2 populations; however, the trend noted in Figure 1 would indicate that patients older than 65 years would not be the largest consumers of PRP therapy. Additionally, the database only includes patients from a single insurance payer and does not capture a large proportion of facilities that provide this treatment using a cashpay model. However, to determine trends in PRP utilization, the current study investigated change in use over time and proportional utilization trends within the database. We therefore were able to show these trends with more accuracy by normalizing all values to the database population. Furthermore, because the PearlDiver database sample does not account for PRP utilization in cash-paying patients, who may represent a large proportion of those using PRP, the results in the current study may underestimate the true national utilization of PRP. Therefore, the widespread use of PRP, despite controversial findings in basic science and clinical studies, is possibly even greater than we have reported in this study. Next, miscoding or absence of coding for PRP injections with CPT code 0232T would not have been captured by our search. Nonetheless, there is no reason to suspect nondifferential misclassification of these data, which are checked for accuracy before inclusion in the database. The presence of only 1 CPT code for PRP injections is in fact advantageous, as it is more likely to accurately capture patients for inclusion than if multiple codes are utilized. Despite this fact, the high proportion of ''unspecified'' codes limits our ability to fully understand the currently utilized indications for PRP; however, this is a limitation of all large database research. Additionally, to determine the orthopaedic condition being treated for each patient, we recorded diagnosis codes that were entered the same day as the procedural code. It is possible that some patients may have more than 1 orthopaedic condition coded with the procedure, which may lead to an overestimation of some of the conditions that were treated.
Further limitations include the fact that data and charges are provided in aggregate rather than on a perpatient basis; thus, granular statistical analysis is limited with such summary data. The database also lacks clinical outcomes data, and as a result, we cannot draw any conclusions regarding the efficacy of PRP therapy or costeffectiveness. Future prospective clinical outcomes research is required to determine cost-effectiveness; however, the results of the current study may be used to accurately populate cost data for future calculations.
In addition to the aforementioned limitations, it is important to note that the database reports charges billed to insurance providers rather than the actual cost of care delivery. Nevertheless, because cost is typically a proportion of the submitted charge, the data reported here should closely represent the proportional cost distribution of PRP use. A few studies have used cost-to-charge ratio, or CCR, to estimate actual reimbursement amounts from hospital billing charges. [1] [2] [3] 37, 46 However, the CCRs vary by hospital and are frequently based on a specific selection of charges and costs in the hospitals, which may not yield accurate cost estimates when applied to specific codes such as that for PRP injections or based on Medicare reimbursements as opposed to payment data from private insurers. [1] [2] [3] This limitation does not affect the utilization results of the current study, which are vital in understanding the practice patterns associated with PRP use in patients younger than 65 years.
CONCLUSION
The PPAC for PRP injections was US$1755, with PRP injections most frequently performed in hospitals and ambulatory surgical centers. The patient population receiving PRP injections is most frequently in the fifth or sixth decade of life, although late adolescents and young adults are also being treated with PRP for various musculoskeletal disorders. Although large comparative studies have identified lateral epicondylitis as the only condition with convincing clinical improvement after PRP injection when compared with controls or comparison treatments, we found most patients receive PRP therapy for conditions involving the knee meniscus and shoulder (including rotator cuff injuries) despite a lack of high-quality evidence to support its use.
